It was predicted in previous papers of this series that adult females with no apparent skin lesions might show appreciable day to day variations in the pH of the skin surface. If such variations do exist, it then becomes important to make numerous determinations on single individuals before comparing one with the other.
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Five adult females, ages 20 to 25 with no apparent skin lesions, were chosen and pH determinations on six areas of each arm were made as nearly daily as possible over a six months period. The time did not run consecutively in all cases, but in general extended from late summer to early spring. Each individual was measured approximately 120 times. The technique for making the measurements was described in the first paper (1) of this series.
In measuring these five individuals it was found that some were more constant than others. In figure 1 , there are shown the variations which occurred in the pH readings on the extensor surface of the upper arm for the two individuals who showed the maximum and the minimum daily changes. Note that in one the range is from 4.58 to 6.85 with a maximum change within a 24-hour interval of nearly two units. In the second individual, the range is from 5.00 to 6.12 with a maximum 24-hour change of only about 0.5 units. Read before the Second Annual Meeting of the Society for Investigative Dermatology, St. Louis, May 16, 1939. It seems unnecessary to present in detail the variations for all areas of the five individuals during the six months that they were studied. For the purpose of a more complete analysis of the differences which may occur in normal skins, we have shown in tables 1 and 2 the distribution of all of the readings made on the one of our group who had the highest readings and the one who had the lowest readings. In one case, the individual was measured 120 times; in the other, 117 times. shows the means and the standard deviations for these areas.
Since the means in both of these cases are greater than the means reported for the average of female adults (2), it can be assumed that neither of these individuals represents a minimum among adult females and hence differences from individual to individual even larger than these must exist. From the standard deviations, it can be seen that the pH readings for different areas on an individual with normal skin may be predicted to show a daily variation of at least 0.7 to 1.0 pH units above and below the mean. To what may such large variations be attributed? It seems unlikely that errors in technique of measuring are responsible, because the individuals were not uniformly high or uniformly low on the same day (see fig. 1 ) and because almost each time any one was measured, the increased alkalinity of the extensor surfaces, as compared to the flexor surfaces, was apparent.
We have attempted to roughly correlate the pH with the menstrual cycle and with the environmental temperature. In two of the five individuals, there appears to be some repetition from cycle to cycle in the curves of the average pH values. But the curves of these two individuals differ appreciably from one another. One shows a general tendency to rise from the onset of menstruation to approximately one week previous to the onset of the next menses, at which time there is a fairly sharp decline. The second shows a spiking curve during the first two weeks following the onset of menstruation which flattens out at the low level for the third week and rises again during the fourth week. These curves are shown in figures 2 and 3, in which the value for any one day is the arithmetic average of ten readings made on the two arms. The other three individuals showed no repetition from cycle to cycle.
Only two of our individuals were measured during very warm weather. The averages of measurements made in September and October showed no consistent differences from the averages of readings made on the same individuals during January and February. There did appear to be a drop in the pH, that is, the
skin became more acid, when there was a sudden rise in temperature; and there was a subsequent return toward the alkaline side when the temperature again dropped.
There is not yet enough data available to state definitely that the pH of the skin surface can be correlated to either the menstrual cycle or the environmental temperature. There appear to be other factors playing a role. These factors may at times mask the effect of temperature and menstruation on the pH of the skin surface.
Because of the wide variations which exist for normal skins These studies like previous ones show that the normal reaction of the surface of the skin is acid. Recently, attempts have been made to show that this surface acid is of definite use. The most prominent one to be mentioned is the role as bacteriostatic or fungistatic agent. One function not mentioned and probably of some importance is the use of the acid reaction in maintaining an environment near the isoelectric point of keratin. At this point keratin, as is the case with any other protein, is most inert. It is obvious that such an accomplishment could be useful.
DR. CARL W. LAYMON, Minneapolis: Dr. Blank is to be commended on his excellent work. Marchionini and his coworkers (Arch. 1. Dermat. u. Syph., 176: 613, 1938) , recently conducted experiments dealing with the pH of the skin of seborrheic individuals which indicated that the "seborrheic areas" of the body are more alkaline than other parts of the skin surface. Furthermore the alkaline areas were shown to be less bactericidal than the rest of the skin thus predisposing to cutaneous infection. Studies such as these of Dr. Blank may thus prove to have great practical value in certain dermatoses.
DR. C. Guy LANB, Boston: I have been very much interested in watching the work of Dr. Blank, and especially in the care he has taken in the establishment of standards. This care is indicated in the charts which he has made. The consistency of his readings has been quite striking and his work gives us fundamental studies which will be quite useful in further investigations later on.
The consistent minor difference shown between the flexor and extensor surfaces should be emphasized. As Dr. Laymon has pointed out, it may assume significance in diagnosis and perhaps be of some aid in the treatment of disease as time progresses.
In addition this study demonstrates very well the opportunities for cooperation between medicine and commercial firms in the carrying on of basic studies coincident with the progress of other research in a particular field.
DR. IRVIN H. BLANK, Boston: I believe that each of the men has made some important addition to the paper. Primarily, they have been concerned with what is causing or is respdnsible for the maintenance of the pH of the skin surface, or for variations from area to area. We have been quite conscious of these problems, but I do not believe that the work done so far gives us the solutions to them. With respect to keratin acting as a buffer, which Dr. Peck seems to think is incorrect, I am sure that I would agree with him. I doubt if the liquid film on the surface of the skin can possess a sufficiently high concentration of keratin to act as a buffer, Sweat surely has a great deal to do with it. Marchionini has written several articles in the last year corresponding for the most part to the data which Dr. Peck says he also has found.
I did not wish to go into the theory of the glass electrode. I am glad that Dr. Cornbleet added that. I can state that, not only is the glass electrode free from the errors he mentioned, but it is also free from protein and salt errors, and free for the most part from electrode poisonings, all of which are encountered in the measurements of pH with other types of electrodes. I have no comment in reference to the discussions of the other men. DR. SA,rnRL M. PECK, New York: I was very much interested in Dr. Blank's paper because of the investigations we have been conducting on sweat for the past two years. The H ion concentration can be considered under normal conditions as an expression of the acid contents of sweat. I believe that the pH of the skin surface is mainly due to the fluids which bathe it, i.e. for the most part the excretion of the sweat glands.
Many investigators say that keratin acts as a buffering agent, thus eliminating to a great extent the effect of sweat on the p11. I really do not believe this from my experiments. Sweat from the arms is mainly acid, but if allowed to stand for any length of time it becomes alkaline due to bacterial action. This is brought about by the formation of sodium, potassium or ammonium salts of the fatty acids which dissociate but little.
It is very interesting from the biologic viewpoint to evaluate the pH of the skin surface in terms of the contents of the sweat. These variations depend upon definite chemical substances found in the sweat.2 There is a different output of fatty acids under various endocrine, digestive and even emotional influences.
The age of the patient is important because at puberty the action of many of the skin glands assume new functions. This is of special significance when we consider the pH of the axilla and pubic region at that period of life.
I think these experiments are very much worthwhile because they give us insight into part of the chemical biological mechanism which plays a role in preventing bacterial invasion. The effects of hydrogen ion concentration, fatty acids and vitamin C on the growth of fungi, by Samuel M. Peck and Herbert Rosenfeld, Journ Invest. Derm., 1: no. 4, August, 1938. 
